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Abstract 


The emerging resistance of pseudomonas aeruginosa to several antibiotic groups 
has resulted in difficulty in treating infected patients. As a result, bacteriophage 
ae therapy is now considered a promising treatment substitute. In this study, a 
Volume 4, Issue 1, January 2022 novel bacteriophage, PaM Ash, with lyticactivity against P. aeruginosa was isolated 
Received : 23 July 2021 from wastewater. PaMA sh exhibited a moderate host range against the four 
tested bacterial strains, as well as high stability over a wide range of pH and 
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temperature. Electron microscopy revealed that the PaMAsh phage belongs to 
the family Podoviridae. 


Keywords: Bacteriophage, Pseudomonas aeruginosa, PaM Ash, M ultidrug-resistance 


©2021 Najwa, M. Alharbi and Mashayed, M. Ziadi. This is an open access article under the CC BY license 
(https:/ / creativecommons.org/ licenses/ by/ 4.0/ ), which permits unrestricted use, distribution, 

and reproduction in any medium, provided you give appropriate credit to the original author(s) 

and thesource, providealink to theCreative Commonslicense, and indicate if changes weremade. 





1. Introduction 


Interest in phage therapy has been renewed in recent years as bacteriophages are being used to treat bacterial 
Infections (Golkar e& al., 2014; and AaEK, 2005) (Rahmani et al., 2015), without harmful effects on the human 
body (Dubey & al., 2016). Moreover, bacteriophages are ubiquitous, and ther isolation isrdativey inexpensive 
(DeVosand Pirnay, 2015). 


Sewage water is well-known as arich source of bacteriophages owing to the fact that most sewage water Is 
rich in organic material and ammonia (Lobocka & al., 2014). Thus, it isan excellent environment for the growth 
of both bacteriophages and their bacterial hosts (Shende é& al., 2017). The lack of well-organized urban 
wastewater management and poor disinfection treatment before wastewater is released into the sewerage 
system may increase the distribution of pathogenic bacteria, especially multi-drug resistant species, from 
individual households into the environment (Shendeé a!., 2017). 


In this study, we aimed to isolate lytic phages specific for Pseudomonas aeruginosa and morphologically 
identify the phages by transmission electron microscopy. P. aeruginosa is an opportunistic gram-negative 
bacterium, which greatly contributes to ther diversity of infections, varying from skin infections to septicenia 
and pneumonia (Schroeter, 1872; and Migula, 1900). The most commonly used antibiotics against P. aeruginosa 
are classified under three antibiotic classes: aminoglycosides, beta-lactams, and fluoroquinolones (Bassetti 
& al., 2018). They areadministered depending on the infection siteand severity of infection (Subedi & a!., 2018). 
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However, P. aeruginosa can develop resistanceto thesethree essential antibiotic classes by acquiring antibiotic 
resistance genes (Ashish et al., 2012). Antibiotic resistance is progressively increasing in a vital group of P. 
aeruginosa strains called the Liverpool Epidemic Strain (LES); among which, all of the isolates have been 
isolated from cystic fibrosis patients (Ashish et al., 2012). 


TheWorld Health Organization (WHO) has categorized carbapenem-resistant P. aeuginosa asa “critical” 
pathogen; thus, novel antimicrobials to treat such bacterial infections are urgently needed (Organization, 
2017). Isolating additional bacteriophages specific for P. aeruginosa is a promising solution to address the 
increasing antibiotic resistance rates. Some (Fukudaet al., 2012), , (Yuan e& al., 2019), (Klai and Sellamuthu, 
2020). Furthermore, Pseudomonas phages have been used in in vivo studies in animal and human trials. For 
example, dogs with otitis caused by P. aeruginosa infection successfully recovered after treatment with aphage 
cocktail consisting of six phages (Wright e al., 2009). Additionally, an in vivo study of 24 patients suffering 
from otitis caused by antibiotic-resistant P. aeruginosa showed a major reduction in bacterial counts after 
treatment with bacteriophages over a period of two weeks (Wright & al., 2009). Therefore, the isolation of more 
phages with activity against P. aeruginosa is crucial to counter antibiotic resistance and advance bacteriophage 
applications. 


2. Materials and methods 


2.1. Phage host 


P, aeruginosa strain (A.J. D 2) was gifted from King Abdelaziz hospital and used as host for bacteriophage 
isolation in our study. Refreshed bacterial strain was inoculated into slant nutrient agar at 4°C. The 
identification of this strain was confirmed based on morphology, biochemistry, and molecular aspects 
(Glasgow etal. 1999)). Antibiotic sensitivity testing was accomplished using thedisc diffusion method according 
to Bauer (1966) after adjusting the turbidity of the bacterial suspension to the 0.5 McFarland standard. All 
bacterial strains weresub-cultured in slants, nutrient broth, and 20% glycerol stocks at -80°C (Kronval! & al., 
1971). 


2.2. Molecular characterization of bacterial isolates 


GenomicDNA wasextracted from P. aeruginosa usingtheQlIAamp®DNA Mini Kit in Europefollowing the 
manufacturer’s instructions, with slight modifications as proposed by (Atashpaz ef a!., 2010). 


2.3. M olecular identification using 16S rRNA sequencing 


Amplification of the 16SrRNA genewas performed using an MJ Research Peltier Thermal Cycler with forward 
primer 5’-AGAGTTTGATCMTGGCTCAG-3 and reverseprimer 1492R 5'-TACGGYTACCTTGTTACGACTT- 
3’. The products were cleaned up using a kit (Millipore in Europe) and sent to the M acrogen sequencing 
company in South Korea. 


2.4. Bacteriophage isolation 
2.4.1. Samplecollection and transportation 


Thestudy was conducted from October 2020 to December 2020. Wastewater sample collection locations were 
purposively sdected based on the degree of contamination of the water sample and the proximity of thesiteto 
our laboratory. All samples were collected aseptically in screw-cap bottles and transported to the KFM RC in 
an icebox, where they werestored in arefrigerator until they were processed within 24 h of collection. 


2.5, Bacteriophage spotting assay for lytic activity 


To determine thelytic activity of phages against the host strains, a spot assay was performed following the 
protocol of (Pereirad al., 2011). Thereafter, the plates wereexamined for the presenceof any plaques wherethe 
lysate was added; phages that produced a clear plague wereconsidered virulent phages. 
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2.6. Purification and titration of bacteriophage 


Phage purification was conducted using the top agar (soft agar) overlay technique described by (Gencay ef al., 
2017). Three successive experiments were conducted until single plaques with similar morphologies were 
obtained. Purified phage filtrate was stored at 4°C. Double-layered technique was used to determine phage 
titers, and each bacteriophage concentration was expressed as plaque-forming units (PFU )/ mL https:/ / 

barricklab.org 


PFU — Number of plaques 


Titration: Al DxV 


D =Phage concentration (10%) 


V =Volumeof purified phagefor example 100uUL 


2.7. Stability of phage under physical conditions 
2.7.1. Thermal stability 


Thermal stability of theisolated phages was tested using the protocol described by Jurczak-Kurek & al. (2016). 
Phagelysates (100 UL; 108 PFU/ mL) werecollected in sterile Eppendorf tubes and incubated in a water bath 
over arange of temperatures from 30°C to 90°C for 120 min. The bacteriophage titer after treatment was 
determined using thedouble-layer agar assay method. The percent stability was estimated by the proportion 
of surviving phagetiters after treatment rd ativeto the total phage titer beforetreatment. Thethermal stability 
curve(mean of triplicate experiments vs. time) was plotted using Excel 2010. 


2.7.2.PhagepH Stability T est 


Thephage pH stability test was conducted as described by Vermaet al. (2009) with minor modifications. To 
adjust the required acidic and basic pH (pH 2-14), 1M HCl or 1N NaOH was added drop wise into fresh 
nutrient broth, and the pH measured using a pH meter Designed and Manufactured in the UK by Bibby 
Scientific Ltd, brand JEN WAY. ThepH-adjusted medium (9mL) was mixed with phagesuspension (1 mL) 
and incubated for 3h at 379°C. Again, the phagetiter for each suspension was determined by thedouble-layer 
agar method, and the ratio of surviving phage was calculated. The pH stability curve (mean of triplicate 
experiments vs. time) was plotted using Excel 2010. 


2.8. Determination of phage host range 


Thehost range spectrum of thelytic phages isolated during thestudy period was determined by a spot test 
according to (J urczak-Kurek et al., 2016) using a pand of 12 strains classified under different genera. In brief, 
a lawn of selected host bacterium was produced by mixing 1 mL of overnight bacterial culture with 0.7% 
molten soft agar; thereafter, the solution was poured over the surface of a modified nutrient agar plate. 
Subsequently, 5 uL of purified lytic phage lysate (108 PFU/ mL) was spotted onto the bacterial lawn. After 
overnight incubation, the lytic ability of the phagelysatewas determined based on theclarity of the plaques 
produced and recorded as (-) no plaques, (+) turbid plaques, or (+4) clear plaques. 


2.9. Transmission Electron Microscopy (TEM ) 


Electron micrographs of phagelysates were obtained using the method described by van Regenmorte et al. 
(2000). Briefly, purified phage lysate (108 PFU/ ml) was dropped (20-30 UL) onto 400 mesh carbon-coated 
copper grids, allowed to stand for 2 min, and then negatively stained with 2% (w/ v) phosphotungstic acid 
(OH 7.0). Excess sample was removed by blotting the side of a grid with soft paper and then air dried for 
examination by TEM (Hitachi, H-7000 Tokyo, Japan; located at the KFMRC), at 80kV and 15,000-25,000 x 
magnication. Based on the microscopicimages, the phages were classified using the International Committee 
on Taxonomy of Viruses (ICTV) guidelines (https;/ / talk.ictvonline.ord/ ) 


3. Results 


Biochemical test results for bacteria isolated from wastewater samples areshown in (Table 1). 
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Table 1: Biochemical test results for bacteria isolated from patient from hospital 
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Table 1 (Cont.) 
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3.1, Antibiotic sensitivity of P. aeruginosa strain 


Antibiotic testing showed that P. aeruginosaA.J.D 2 wasresistantto multipleantibiotics such as amoxicillin, 
ciprofloxacin, amikacin, and sulfamethoxazole, whereas it was susceptible to three types of the following 
antibiotic groups: aminoglycosides (gentamicin), fluoroquinolones (norfloxacin), and polymycin (colistin 
sulfate) (Table 2). 


Table 2: Antibiotic resistance profiling of the clinical strain of P. aeruginosa strain A.J. D2 


Tawi ne |e 
a 
a 
a 


re ae 


N 
N 
ad 
Lu 
= 
> 





Najwa, M. Alharbi and M ashayed, M. Ziadi / Afr.J.Bio.Sc. 4(1) (2022) 56-66 Page 61 of 66 


Table 2 (Cont.) 


Cd 


Colistin sulphate 
Amoxycillin 


Cefoxitin 


Disc-diffusion method 





3.2. Bacteriophageisolation and morphology 


Onelytic bacteriophage was Isolated from the collected raw sewagesamples using of P. aeruginosa (Figure 1.2). 
Titration of the bacteriophage was examined in the range of 10° to 10°PFU/ mL following 48h of incubation at 
37°C with the host bacteria. Based on this analysis, P. aeruginosa was inhibited by 109 PFU/ mL (Table3). The 
isolated bacteriophages produced clear plaques ranging from 2-3 to mm with clear edges (Figure 4). 


Table 3: Titration of bacteriophage at 10° 


109PFU/ml 
0.1x10° 


PaMAsh titer =1.09x109 PFU\ ml 





The isolated bacteriophage produced clear plaques ranging from 2-3 mm with well-defined boundaries 
(Figure4). 


3.3. Phage H ost Range 


Theisolated phage showed various activities against several bacterial hosts using the spot test assay. Lytic 
activity was observed against four of thesix bacteria tested, including Shigella Sonni (ATCC 25931), Klebsidla 
oxytoca (A TCC49131), Proteus vulgaris (A TTC49132), and Salmondla enterica (ATCC 14028) (Table 4). ThePaM Ash 
phageshowed lytic activity against four species: Shigdla sonni (ATCC 25931), K lebsiella oxytoca (A TCC49131), 
E. coli (A TCC25922), and Salmondla enterica (ATCC 14028) (Figure 5). 
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Table 4: Phage host range against six bacterial isolates (Source of isolates: (ATCC) using spot assay technique 


Bacteria Enterococcus Shigella Klebsiella Proteus E. coli Salmonella 
strains faecalis sonni Oxytoca Vulgaris (ATC C25922) enterica 
(ATCC 29212)| (ATCC 25931) | (ATCC49131) (ATT C 49132) ATCC 14028 


resus |  - | + | * | - | + fo o# | 


N ote: * (+) complete lysis, (-) no lysis 





3.4. Phage stability testing 


Phagestability remained at 100% at 25°C and continued to show stable activity even after Lh of incubation at 
37-80°C. However, the PaMAsh phage was not activated when the temperature reached 100°C or above 





Figure 6: Spot test for PaM Ash phage at (A) 37°C, (B) 65°C and (C)100°C 
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(Figures 6 and 8). The PaM Ash phage was less susceptible to alkaline pH than acidic pH, remaining stable 
over the pH rangeof 6-8, but decreasing in viability between pH 1-2 (inactivated at pH 14) (Figure 7). 
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Figure 7: pH stability for PaM ash phage 
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Figure 8: Thermal stability for PaM ash phage 





3.5. Virion morphology 


TEM analysis revealed that the phage virion consisted of ahead and avery short, noncontractile tails. Thus, 
the reourified PaMAsh phage was classified under the Podoviridaefamily (Figure 9). 





Figure 9: Transmission electron microscopy analysis of the purified PaM Ash phage belongs to the 
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4. Discussion 


P, aeruginosa in the current study was resistant to 17 different antibiotics representing all seven common 
groups of antibiotics; itisthus considered amultidrug-resistant bacterium. This bacterium has been previously 
used as a host for phages isolated from wastewater samples. One phage isolated in this study, PaMAsh, 
efficiently lysed P. aeruginosa cals and produced clear plaques in aspot test. 


ThePaM Ash phagehas ahigh plaque measurement size (2-3 mm). Similar results were reported by Menon 
et al. (2021), who isolated a novel bacteriophage, AM.P2, from a wastewater source in India, which was 
effective against clinical P. aeruginosa strain PAO1. The AM.P2 plaque was large with a diameter of 4S mm 
with a clear center. Larger plaques are closely related to smaller phage head sizes, which can thus diffuse 
throughout agar more readily (J urczak-K urek et al., 2016). Adnan et al. (2020) also found a phage that was 
active against P. aeruginosa from a wastewater samplein Pakistan; their P. aeruginosa strain was resistant to 
seven antibiotics and thus considered antibiotic resistant. Theisolated phage, named MA-1, exhibited plaques 
ranging from 1.5-3.0 mm diameter. 


The isolated PaM Ash phage in the current study was stable at temperatures from 37°C to 80°C for 2h. 
However, the viability steadily declined above 80°C. Krasowska et al. (2015) found a similar tenperature 
susceptibility for phages they isolated, exhibiting resistance to tenperatures as high as 80°C for 1 min. Similar 
to our findings, Ruchi e al. (2010) found that phages remained viable when exposed to atemperature of 70°C. 
In contrast, Imam et al. (2019) reported that Phage M1J3, which was isolated from an equine livery yard in 
Leicestershire, United Kingdom, showed high stability at 60°C but decreased in titer when thetemperature 
increased above 60°C for 1h 


Inthecurrent study, PaMAsh exhibited lytic activity against four strains of pathogenic bacteria. deM dod 
al. (2019a) reported asimilar result for a phage isolated from sewage and tested against 36P . aeruginosa strains 
isolated from domestic animals. The PaM Ash phage was ableto lysethe host completely, indicating that the 
ohage possesses a widerange of activity against thetested bacterial strains, as summarized in Table4.10. The 
widehost range and phagetypes reported in our study agree with thosereported by Yarmolinsky (2004) and 
Bielked al. (2007), who indicated that phagehost range is not always restricted by genus. In contrast, Carey- 
Carey-Smith et al. (2006) described narrow-range phages that wererestricted to amaximum of two bacterial 
Species. 


5. Conclusion 


Our study showed that the bacterial isolateP. aeruginosa, had significantly higher antibiotic resistance rates, 
which can lead to sharing of resistance with other environmental bacterial pathogens. H ere, we isolated and 
characterized phages from wastewater using thewastewater bacterial isolateP . axuginosa as the host system. 
Recovered phagelysates had a broad host range, indicating their potential to be used as alternativetherapeutics 
In combating infectious diseases caused by multidrug-resistant bacterial pathogens. Thereis aneed, however, 
to understand in vivo phage-mediated selection; the current study was conducted for only alimited period of 
time, which is not representative of wastewater discharge for the duration of all seasons in a year. Therefore, 
the findings of this study may not reflect the actual situation in the study area throughout the year. A large 
scale, year-long study is required to obtain comprehensiveconclusions. 
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